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METHOD OF STIMULATING HEMATOPOIESIS WITH 

HEMOGLOBIN 

This application is a continuation-in-part of Rosenthal and Gerber, 
5 Serial Number 08/208,740 filed March 8, 1994. 

FIELD OF INVENTION 

10 The present invention relates to a novel method of stimulating 

hematopoiesis by administration of a suitable amount of hemoglobin. 

BACKGROUND OF THE INVENTION 

15 Hematopoiesis is the process of blood cell production which takes 

place in the bone marrow. Stem cells in the bone marrow are the progenitor 
cells for all of the various cell types found in the circulating blood. These 
stem cells are functionally defined by their capacity to repopulate, on a long- 
term basis, all of the hematopoietic cell lineages in a lethally irradiated animal 

20 [Nicola, N.A. (1993) in Application of Basic Science to Hematopoiesis and the 
Treatment of Disease, E. D. Thomas and S.K. Carter (ed), Raven Press, NY]. 
Through a complex series of regulatory events, stem cells differentiate into a 
number of types of cells including at least red blood cells, leukocytes, 
lymphocytes, platelets (thrombocytes), monocytes, macrophages, mast cells, 

25 basophils, eosinophils, B-lymphocytes and T-lymphocytes. Millions of each 
type of new blood cells are produced daily and are released into the 
circulating blood to replace destroyed blood cells and maintain homeostasis. 
(Nathan, D.G. (1992) in Cecil Textbook of Medicine, J.B. Wyngaarden, L. H. 
Smith, and J. C Bennett, ed., W. B. Saunders Co, Philadelphia, pages 817-836). 

aunr.g miecnor ;v::::e j ceas ueuxccvtes. are moouizea :rom penpnera. 
stores, e.g. along the margins of vascular wails (the so-called process of de- 
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marginalization) and there is a concomitant increase of leukocyte production 
in the bone marrow (Bagby, G.C. (1992) in Cecil Textbook of Medicine, J.B. 
Wyngaarden, L. H. Smith and J. G Bennett, ed., W. B. Saunders Co., 
Philadelphia, pages 914-920). Acute blood losses such as menstruation, 
trauma or surgical blood loss may result in anemia wherein the blood is 
deficient in red blood cells, in hemoglobin or in total volume (hematocrit < 40 
%, hemoglobin < 12 grams /dl, red blood cells < 4 x 10 6 /ul, or mean cell 
volume < 80 fl; Nathan, D.G. (1992) in Cecil Textbook of Medicine, J.B. 
Wyngaarden, L. H. Smith and J. C. Bennett, ed., W. B. Saunders Co., 
Philadelphia, pages 817-836). The red cell mass (total red blood cells, either 
total number, weight or volume) acts as an organ that delivers oxygen to 
tissues. Red cell mass and the rate of red blood cell production are closely 
coupled to the supply and demand for oxygen in body tissues. Red blood cell 
production is stimulated by low tissue tension of oxygen. Anemic conditions 
result in reduced oxygen levels in tissues (hypoxia). Hypoxia in the kidney is 
sensed by the renal parenchyma which stimulates the release of 
erythropoietin from the kidney. Erythropoietin is the major regulatory 
hormone of erythropoiesis produced in response to hypoxia resulting from 
alterations in the red cell mass. (Erslev, A. J. (1990) in Hematology, WJ. 
Williams, E. Beutler, A. J. Erslev and M. A. Lichtman eds, McGraw-Hill, Inc. 
New York, pp 389-407). 

Other deficits in specific circulating cell types may occur as well. 
Leukopenia, a general term that describes decreases in any one of a number 
of different leukocyte cell populations, may result from a de-coupling of the 
process of demarcation and the rate of replacement of cells differentiated 



Co., Philadelphia, pages 914-920). Neutropenia, a decrease in circulating 
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severe bacterial infection (Kaplan, M.E. (1992) in Cecil Textbook of Medicine, J.B. 
Wyngaarden, L. H. Smith and J. C Bennett, ed. W. B. Saunders Co, 
Philadelphia, pages 907-914). Thrombocytopenias are defined as decreases in 
circulating platelet levels to approximately < 100,000 /jiL (Shuman, M. (1992) 
5 in Cecil Textbook of Medicine, J.B. Wyngaarden, L. H. Smith and J. C Bennett, 
ed. W. B. Saunders Co, Philadelphia, pages 987-999). Low circulating 
thrombocytes may be the result of a number of underlying conditions such as 
bone marrow injury, the utilization of chemotoxic agents, suppression of the 
bone marrow due to chemotherapeutic or radiotherapeutic agents, heavy 

10 metal poisoning, hemolytic uremic syndrome, HIV infection, tuberculosis, 
aplastic anemia, thrombotic thrombocytopenic purpura, and immune 
disorders such as idiopathic thrombocytopenic purpura, leukemias, and 
myelofibrosis. These thrombocytopenias can result in life- threatening 
uncontrolled bleeding (Shuman, M. (1992) in Cecil Textbook of Medicine, J.B. 

15 Wyngaarden, L. H. Smith and J. C. Bennett, ed. W. B. Saunders Co, 
Philadelphia, pages 987-999). 

Each of these disturbances in hematopoiesis may result in an up- 
regulation of the bone marrow differentiation processes which re-supplies the 
deficient cell population. However, some disturbances in hematopoiesis are 

20 so severe that therapeutic intervention is required. 

The broad range of cytopenias (decreases in the circulating population 
of any given blood cell type) can be treated with only a limited number of 
therapeutic modalities. For example, management of neutropenia is generally 
limited to treatment of the underlying disease state that results in 

25 neu -openia. Such diseases include Felt/s syndrome, mvelodvsplasia, 



treatments specifically designed to increase neutrophil levels in the blood. 
These treatments include: 



3 
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(1) lithium carbonate treatment, although this has been found to have 

significant toxicity 

(2) immunosuppressive therapy, typically reserved for treatment of 

patients whose neutropenia is the result of an 
autoimmunologically mediated destruction of neutrophils 

(3) bone marrow transplantation, which, although effective if 

successful, is associated with significant mortality, 



10 and 



(4) neutrophil transfusion, which can be costly and is ineffective unless 
maintained for a significant period of time due to the very short 
half life of neutrophils in the blood stream (Kaplan, M.E. (1992) 
in Cecil Textbook of Medicine, J.B. Wyngaarden, L. H. Smith and J. 
15 . C Bennett, ed. W. B. Saunders Co, Philadelphia, pages 907-914). 

Treatment for thrombocytopenia is typically an infusion of platelets. 
Platelet infusions, as with infusions from any human derived blood product, 
carry significant risk for transmission of infective agents. Moreover, repeated 

20 transfusions of platelets may cause the formation of multiple alloantibodies 
which result in not only the destruction of the transfused platelets but also the 
destruction of the patient's endogenous thrombocyte population. 

Anemias can be resolved by treating the underlying cause of the 
anemia, such as renal failure, liver disease, endocrine disorders, parvovirus, 

25 Epstein-Barr virus, or hepatitis C virus. However, the direct formation of red 
blood cells can be stimulated with a limited number of therapeutics. 
Treatments include administration of iron, hemin (a source of iron) or 
erythropoietin, a naturally occurring or recombinantly produced 
hematopoietic growth factor. The efficacy of iron or hemin therapy is limited 



Erythropoietin therapy is limited because it does not appear to be effective ir. 
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erythroid progenitor cells. Without mobilization of these iron stores, 
erythropoiesis cannot be sustained. For example, regular administration of 
recombinant erythropoietin to dialysis patients with chronic renal failure- 
induced anemia results in sustained erythropoiesis and an increase in 
5 hematocrit. However, continued erythropoiesis in this situation frequently 
results in iron deficiency that can limit the long term effectiveness of this 
treatment modality (Griitzmacher, P. (1992) Clin. Nephrol, 3§: S92-S97). 

The most promising therapeutic modalities for treatment of a number 
of cytopenias center on the administration of hematopoietic growth factors. 

10 Neutropenia has been treated with administration of with GM-CSF or G-CSF 
(granulocyte-macrophage colony stimulating factor and granulocyte 
stimulating factor, respectively). As discussed above, anemia in chronic renal 
failure has been treated with erythropoietin. 

However, the hematopoietic system is complex; sustained, enhanced 

15 hematopoiesis is a complex interaction between growth factors, inhibitors and 
receptors. To date, at least twenty growth factors have been recognized 
(Nicola, N.A. (1993) in Application of Basic Science to Hematopoiesis and the 
Treatment of Disease, E. D. Thomas and S.K. Carter (ed), Raven Press, NY). 
These include Granulocyte-Macrophage Colony Stimulating Factor (GM- 

20 CSF), Macrophage Colony-Stimulating Factor (M-CSF), Granulocyte Colony- 
Stimulating Factor (G-CSF), Stem Cell Factor (SCF), Erythropoietin (EPO) and 
Interieukins 1 - 13 (IL1 to IL7) [Quesenbeny, PJ (1990) in Hematology, W.J. 
Williams, E. Beutler, A. J. Erslev and M. A. Lichtman (eds) , McGraw-Hill, Inc. 
New York, pp 129-147; Nicola, N. A. (1993) in Application of Basic Science to 

25 Hematopoiesis and the Treatment of Disease, E. D. Thomas and S.K. Carter (ed), 

recombinant!}*. These include G-CSF (Souza, L.M., U.S. Parent 4,S10,643), M- 
CSF (Clark, S.C. and Wong, G.G., U.S. Patent 4.868.119). IT ,o 'Bla^dalp T H.C 
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EP 355093), erythropoietin (Lin, U.S. Patent 4,703,008), stem cell factor (Zsebo, 
KM. et al, PCT/US90/ 05548), and GM-CSF (Deeley M v et al, U.S. Patent 
5,023,676). Administration of these alone or in combination have resulted in 
significant hematopoiesis both in vitro and in vivo (Mertelsmann, R H. (1993) 
5 in Application of Basic Science to Hematopoiesis and the Treatment of Disease, E. D. 
Thomas and S.K Carter (ed), Raven Press, NY; Williams, U.S. Patent 
5,032^96; Zsebo et al, PCT/US90/ 05548; Gillis, S. U.S. Patent 5,199,942; 
Donahue, R.E., U.S. Patent 5,198,417). Of these growth factors, erythropoietin 
is unusual in that it acts as a hematopoietic regulator which is selective for 

10 one cell lineage, the red blood cell lineage. Most hematopoietic growth 

factors are not specific and affect, to a different extent, multiple hematopoietic 
cell lines. Most hematopoietic growth factors are produced at multiple sites 
in the body, and many act locally and are rarely found in circulation (Nicola, 
N.A. (1993) in Application of Basic Science to Hematopoiesis and the Treatment of 

15 Disease, E. D. Thomas and S.K. Carter (ed), Raven Press, NY). Hematopoietic 
growth factors are present in extremely small amounts and are difficult to 
detect except in artificial culture systems and conditioned media. Moreover, 
hematopoietic growth factors act exclusively to modulate the growth and /or 
differentiation of the hematopoietic cell lines. The inventors of the present 

20 invention have surprisingly found that hemoglobin, whose major function is 
the transport of oxygen in the body and is found in high concentrations in red 
blood cells, when purified and administered in low dose, acts as a 
hematopoietic growth factor. 

Early investigators had suggested that there was stimulation of 

25 hematopoiesis after administration of cell free hemoglobin (Hooper et al 



725; Amberson (1937) Bio:. Revs. 12: 4S-So; Ferrari, R. (1932) Arch. Sa. 
Biolopiche 27: 25-40; Hawkins and Tohnsor. f!939) Am. T. Phvsiol. 126: "2^- 
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336). These investigators suggested that hemoglobin released from lysed red 
blood cells was the primary hematopoietic factor responsible for the 
enhancement of erythropoiesis either by direct action on hematopoietic 
tissues or by furnishing some material required for erythropoiesis, or by both 
5 actions (Amberson (1937) Biol. Revs. 12: 48-86 and references therein). 
Amberson et ai [(1949) J. Appl. Physiol. 1: 469-489)] later observed an 
increase in reticulocyte count and hematocrit (both indicators of 
erythropoiesis) in 3 of 5 patients after administration of a crude hemoglobin 
solution. However, administration of the crude hemoglobin utilized in early 

10 studies resulted in renal damage, anaphylaxis, and may have contributed to 
death (Amberson et al [(1949) J. Appl. Physiol., 1: 469-489). These toxic 
effects of hemoglobin administration may have been due to contaminating 
elements such as stroma or endotoxins in the hemoglobin preparations or to 
the nature of the hemoglobin itself (DeVenuto et al (1979) Surg. Gyn. Obstet. 

15 149: 417-436; Sunder-Plassmann et al (1975) Europ. J. Intensive Care Med. 1: 
37-42; Feola, et al (1990) Biomat. Art. Cell, Art. Org. 18: 233 - 249). The 
untreated human hemoglobin tetramer is composed of two a subunits and 
two (3 subunits. The tetramer, if outside a red blood cell, will dissociate into 
two a/ (3 dimers which can pass into the kidney and can cause renal failure at 

20 higher doses. Any uncrosslinked hemoglobin, when administered even in 
low doses is cleared from the body extremely rapidly, on the order of 
minutes. Stroma from poorly purified red blood cell preparations resulted in 
anaphylaxis. Thus, even though there was some evidence that hemoglobin 
administration might result in erythropoiesis, no hemoglobin solution existed 

25 which could be administered safelv and effectively. 



ne:r.o;ys:s :s associated witn a more pronounced ervthroid hyperplasia ana 
reiiculocytosis than blood loss anemia of the same magnitude (Erslev, A.J. 
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(1990) in Hematology, WJ. Williams, E. Beutler, A. J. Erslev and M. A. 
Lichtman (eds), McGraw-Hill, Inc. New York, pp 389-407). 

In the late 1970s, work in multiple labs demonstrated that treatment of 
mouse erythroleukemia cells and normal bone marrow cells with hemin 
increased the synthesis of hemoglobin at the transcriptional level (Ross, J. and 
Sautner, D. (1976) Cell 8: 513; Dabney, BJ. and Beaudet, A.L. (1977) Arch. 
Biochem. Biophys. 179: 106; Porter, P.N. et al. (1979) Exp. HematoL 7: 11). 
Hemin is the chloride salt of oxidized heme whereas hemoglobin contains 
reduced heme in the heme pocket of each of the globin subunits. More 
recently, work by Monette and co-workers has shown that hemin acts 
synergistically with interleukin 3 to promote the growth of erythroid 
progenitor cells in vitro and in vivo (in mice). In a series of papers (Holden, 
S.A. et al. (1983) Exp. HematoL 11: 953-960; Monette, F.C. et al, (1984) Exp. 
HematoL 12: 782-787; Monette, F.C. and Sigounas, G. (1988) Exp. HematoL 
16: 727-729; Monette, F.C. (1989) Ann. NY Acad. ScL 554: 49-58), Monette 
clearly demonstrated the capacity of hemin to augment directly and in a cell 
specific manner the proliferation and/or differentiation of primitive bone 
marrow erythroid progenitors. Kappas and Abraham have also observed the 
potentiation of erythroid progenitor cell growth with hemin administration in 
vitro (PCT publication PCT/US91/05283). However, none of these workers 
has examined or suggested the role of free hemoglobin in the stimulation of 
erythropoiesis, nor have any of these investigations suggested that 
hemoglobin itself may have an erythropoietic effect above and bevond the 
simple delivery of bioavailable iron. 

Indeed, the erythropoietic effect of hemoglobin has been seen only 

high volumes of bovine hemoglobin solution (25 ^ of the patient's total blood 
volume, approximate! v 7~ - 3~ cram? of bovine hemoelomr. or a trv.V - ^~ 
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g hemoglobin/kg of body weight) to sickle cell children in vaso-occlusive or 
aplastic crisis. In this group of nine patients who ranged in age from 5 - 13 
years of age, peripheral reticulocytes increased from 3.7 ± 3.9 % to 49 ± 6.5 % 
after 3 days and blood hemoglobin increased from 6.34 ± 2.0 gm/dl to 10.6 ± 
1.3 gm/ dl after 1 week. However, Feola et al administered antibiotics and 
antimalarials concurrently with the hemoglobin treatment, and the mediation 
of the underlying infections alone may have resulted in erythropoiesis. 
Moreover, administration of such large amounts of any hemoglobin, 
particularly a non-human derived bovine hemoglobin, may result in 
unexpected and undesirable immunological effects. Feola et al state that 
further examinations are required to determine whether immunologic 
reactions would develop upon repeated administration of a bovine-derived 
hemoglobin solution. High dose administration of hemoglobin can serve as 
simply a source of bioavailable iron, and is thus not significantly different 
15 from simple iron treatment of anemia. The inventors of the present invention 
have surprisingly found that low dose administration of a recombinant 
hemoglobin results in hematopoiesis as well. 



10 



20 



SUMMARY OF THE INVENTION 



The present invention relates to a method of stimulating hematopoiesis 
25 in a mammal comprising administration of a therapeutically effective amount 
of hemoglobin. Preferably the therapeutically effective amount of 
hemoglobin is a low dosage of hemoglobin, preferably < about 1 g of 



hemoglobin, or botiv weieht. 
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The invention provides stimulation of hematopoiesis in a mammal by 
the administration of a pure solution of hemoglobin, preferably derived from 
recombinant technology/ more preferably derived from £. coli expression of a 
hemoglobin, most preferably containing a mutation, which links the two 
5 alpha or two beta or any alpha and any beta subunit of the hemoglobin 
tetramer. 

Another embodiment of the present invention relates to the treatment 
of a mammal suffering from a cytopenia comprising stimulation of 
hematopoiesis by the administration of an effective amount of hemoglobin. 

10 A further embodiment relates to treatment of a mammal suffering 

from anemia or an anemia-like condition comprising stimulation of 
hematopoiesis by the administration of an effective amount of hemoglobin. 

Another embodiment of the invention comprises stimulation of 
hematopoiesis or treatment of a cytopenia by administration of an effective 

15 amount of hemoglobin in combination with other hematopoietic growth 

factors, including, but not limited to, erythropoietin, bone morphogenic protein 
(BMP), platelet derived growth factor (PDGF), interleukins such as IL-3 or IL- 
11, colony stimulating factors such as G-CSF or GM-CSF, or stem cell factor. 
A still further embodiment of the invention relates to treatment of a 

20 mammal suffering from cachexia by administration of an effective amount of 
hemoglobin alone or in combination with, other hematopoieitic growth 
factors. 

Another embodiment of the invention is the administration of an 
effective amount of hemoglobin, alone or in combination with other 
25 hematopoietic growth factors, for potentiation of chemotherapeutic or 
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A further embodiment of the present invention involves the use of 
hemoglobin as additive to cell culture media used in the ex vivo expansion of 
progenitor stem cells or blood cells. 

A still further embodiment of the present invention involves the use of 
hemoglobin as an additive to culture media to enhance growth of erythroid 
progenitor cells. 

In a still further embodiment, hemoglobin is used in combination with 
other hematopoietic factors as an additive to cell culture media to enhance ex 
vivo expansion of blood components. 

In a still further embodiment, hemoglobin is used in combination with 
other hematopoietic factors as an additive to cell culture media to enhance 
growth of hematopoietic progenitor cells. 

In another embodiment, hemoglobin is used alone or in combination 
with other growth factors to stimulate hematopoiesis after bone marrow 
injury. 

In a still further embodiment, hemoglobin is used alone or in 
combination with other growth factors to stimulate erythropoiesis in a 
mammal suffering from anemia. 

Another important embodiment of the present invention is a 
pharmaceutical composition useful in the method aspects of the present 
invention comprising effective amounts of hemoglobin. 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof and from the 
claims. 



the art. Although any methods and materials similar or equivalent to those 
described herein can be used in the practice or testine of the present 
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invention, the preferred methods and materials are now described. Unless 
mentioned otherwise, the techniques employed or contemplated herein are 
standard methodologies well known to one of ordinary skill in the art The 
materials, methods and examples are by way of illustration and not intended 
as limitation. 

"Hematopoiesis," for the purposes of this invention, is a generic term 
for the process of formation and development of blood cells from progenitor 
cells as well as formation of progenitor cells of those blood cells. Blood cells 
include but are not limited to erythrocytes, reticulocytes, monocytes, 
neutrophils, megakaryotes, eosinophils, basophils, B-cells, macrophages, 
granulocytes, mast cells, thrombocytes, and leukocytes. Progenitor cells 
include, but are not limited to burst forming units - erythroid (BFU-E), colony 
forming units - erythroid (CFU-E), colony forming units - megakaryote (CFU- 
Meg), colony forming units - granulocyte-macrophage (CFU-GM), colony 
forming units-macrophage (CFU-M), colony forming units - granulocyte 
(CFU-G), colony forming units - granulocyte, erythroid, macrophage, 
megakaryote (CFU-GEMM), colony forming units - monocyte (CFU-M), 
colony forming units - eosinophil (CFU-Eo), colony forming units - spleen 
(CFU-S), colony forming units - basophil (CFU-B), pluripotent stem cells, 
totipotent stem cells, myeloid stem cells, and lymphoid stem cells. 
"Erythropoiesis" for the purposes of the appended claims is defined as that 
part of the hematopoietic pathway that leads to the formation of red blood 
cells. "Thrombopoiesis" for the purposes of the appended claims is defined 
as that part of the hematopoietic pathway that leads to the formation of 
thrombocytes. "Leukopoiesis" for the purposes of the appended claims is 

c:rcu;a:ion are analogously defined and are distinguished by the use or the 
suffix "poiesis" or "poietic". 
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For the purposes of the appended claims, an "effective amount of 
hemoglobin" is that amount of naturally derived or recombinantly produced 
hemoglobin which, when administered to a mammal in need of treatment for 
deficient blood cells or to a cell culture of blood cells, is sufficient to increase 
blood cells or progenitor cells. An increase in progenitor cells can be an 
increase in total number of cells per given volume and for example, in a cell 
culture such increases can be measured by statistically significant increases in 
the colony forming unit of interest. On the other hand, in the blood 
circulation, an increase can mean an increase in the total number of cells, the 
size of individual cells or, specifically for erythroid cells, the hemoglobin 
content of individual cells. For example, for erythroid cells, this increase is at 
least 6% over the baseline level (the size or concentration of the cell type of 
interest measured prior to treatment), more preferably 10% above the baseline 
level, still more preferably 20% above the baseline level, most preferably to 
essentially normal levels in vivo. For in vitro cultures of cells (e.g. ex vivo 
expansion, cell culture, etc.), an increase car. mean an increase in the absolute 
number of cells, the size of specific cells, or the rate at which cells grow in the 
culture system. These increases can occur within one day of administration of 
hemoglobin, but may take up to several months of repeated and/or 
continued therapeutic administration of hemoglobin. The amounts of 
hemoglobin that must be administered to enhance hematopoiesis are readily 
determined by clinicians of ordinary skill in the art and will depend on the 
underlying cause of the cy topenic condition, the characteristics of the 
individual patient, mode of administration and the like. Further, a "cytopenic 
condition" or "cytopenia" is defined as a clinically significant reduction in the 



neutropenia, and leukopenia. 
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"Cachexia" is intended to encompass general weight loss and wasting 
that occurs during the course of a chronic disease, results from the toxic 
effects of chemotherapy or radiotherapy used to treat a chronic disease (for 
example, from the toxic effects of 3'-azidcH3'-deoxythymidine (AZT) or 
5 radiotherapy used to treat cancerous conditions), or as a result of emotional 
disturbance. 

DESCRIPTION OF THE FIGURES 

figure 1 is a representation of the number of BFU-E colonies counted 
10 in cell cultures 10 days after of addition of luM, 0.01 uM or 0.1 nM of 

hemoglobin to cultures of normal BDF1 murine bone marrow that had been 
grown in the presence of 0.01, 0.1, 1 and 10 uM of AZT. 

Figure 2 is a representation of the number of BFU-E colonies counted 
in cell cultures both without hemoglobin and 10 days after of addition of luM 
15 hemoglobin to cultures of Severely Compromised Immunodeficient Disorder 
(SCID) mouse bone marrow cells that had been grown in the presence of 0.4 
U/mL of EPO and/or 0.01 uM AZT. 

Figure 3 is a representation of the number of BFU-E colonies counted 
in cell cultures 10 days after of addition of luM, 0.01 uM or 0.1 nM of 
20 hemoglobin to cultures of human bone marrow that had been grown in the 
presence of 0.01, 0.1, 1 and 10 uM of AZT. 

Figure 4 is a graphical representation of Burst Forming Units - 
Erythroid (BFU-E) in BDF1 mice following three weeks of administration of 
either: 

25 (1) no treatment, denoted control, 



v4 or a. AZ i and intravenous injections of 0.5 mg/kg hemoglobin three time> 
3C per week, denoted as AZT - 0.5 mg/kg Hb, 
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per week, denoted as AZT + 1 mg/kg Fib, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

the experiment to ensure adequate AZT effects. 

Figure 5 shows the hematocrit (in percent) of normal BDF1 mice 

*w^wrv^L^ uucc wec*o ui duiimasiuauuii ui turner; 

(1) no treatment, denoted control, 

(2) oral AZT, denoted AZT, 

(3) oral AZT, and subcutaneous injections of 10 units of EPO three times 

per week, denoted AZT + EPO 

(4) oral AZT and intravenous injections of 0.5 mg/kg hemoglobin three times 

per week, denoted as AZT + 0.5 mg/kg Hb, 

(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT + 1 mg/kg Hb, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to the 
experiment to ensure adequate AZT effects. 

Figure 6 is a graphical representation of cell counts in normal BDF-1 
mice. White blood cell counts are shown as the dark stippled areas, red blood 
cell counts are shown as the striped areas. Ceils were counted following three 
weeks of administration of either: 
(1) no treatment, denoted control or the eranh 



(4! or-il AZT and intravenous 'Injections of C.5 mg/kg hemoglobin three time* 
per week, denoted as AZT + 0.5 mg/kg Hb, 
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(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT t 1 mg/kg Hb, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

the experiment to ensure adequate AZT effects. 

Figure 7 is a graphical representation of the number of Burst Forming 

Units - Erythroid (BFU-E) in SOD mice following three weeks of 

administration of either: 

(1) no treatment, denoted control, 

(2) oral AZT, denoted AZT, denoted AZT + EPO 

(3) oral AZT and subcutaneous injections of 10 units of EPO three times 

per week, 

(4) oral AZT and intravenous injections of 0.5 mg/kg hemoglobin three times 

per week, denoted as AZT + 0.5 mg/kg Hb, 

(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT + 1 mg/kg Hb, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

the experiment to ensure adequate AZT effects. 

Figure 8 is a graphical representation of cell counts in SCID mice. 

White blood cell counts are shown as the dark stippled areas, red blood cell 

counts are shown as the striped areas. Cells were counted following three 



o:a* AZ'I . jenotec AZ1 , 

(3: oral AZT, and subcutaneous injections of 1 J units or EPO three time? 
per week, denoted AZT * EPO 
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(4) oral AZT and intravenous injections of 0.5 mg/kg hemoglobin three times 

per week, denoted as AZT + 0.5 mg/kg Hb, 

(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT + 1 mg/kg Hb, 

5 (6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 
and intravenous injections of 0.5 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 
and intravenous injections of 1 mg/kg hemoglobin three times 
10 per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

Figure 9 shows the body weight of normal BDF1 mice following three 
weeks of administration of either: 

15 (1) no treatment, denoted control, 

(2) oral AZT, denoted AZT, 

(3) oral AZT and subcutaneous injections of 10 units of EPO three times 

per week, denoted AZT + EPO 

(4) oral AZT and intravenous injections of 0.5 mg/kg hemoglobin three times 
20 per week, denoted as AZT + 0.5 mg/kg Hb, 

(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT + 1 mg/kg Hb, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
25 per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

30 the experiment to ensure adequate AZT effects. 

Figure 10 shows the body weight of SCID mice following three weeks 

of administration of either: 

(1 ) no treatment, denoted control, 



14) oral AZT and intravenous injections or 0.5 mg/kg hemoglobin three dmes 
per week, denoted as AZT * 0.5 mg/kg Hb, 
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(5) oral AZT and intravenous injections of 1 mg/kg hemoglobin three times 

per week, denoted as AZT + 1 mg/kg Hb, 

(6) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 0.5 mg/kg hemoglobin three times 
5 per week, denoted as AZT + EPO + 0.5 mg/kg Hb, 

(7) oral AZT, subcutaneous injections of 10 units of EPO three times per week 

and intravenous injections of 1 mg/kg hemoglobin three times 
per week, denoted as AZT + EPO + 1 mg/kg Hb, 

AZT was administered to all mice except for controls for five weeks prior to 

10 the experiment to ensure adequate AZT effects. 

Figure 11 is a graphical representation of the number of Colony 
Forming Units - Spleen counted from irradiated mice 8 days after injection of 
bone marrow collected from BDF1 mice that had been treated for three weeks 
by intravenous injections of hemoglobin at either 0.5 or 1.0 mg/kg body 

15 weight, EPO at 10 Units/mouse, EPO and either 0.5 or 1.0 mg/kg body of 
hemoglobin or AZT alone prior to harvest of the bone marrow for transplant. 
AZT was administered to all mice except for controls for five weeks prior to 
the experiment and during the treatment to ensure adequate effects. 

Figure 12 is a representation of the number of erythroid cells counted 

20 in liquid cultures of human bone marrow cells after 7 day preincubation with 
either 0.1 or 1 uM AZT followed by 7 day incubation with hemoglobin or 
hemoglobin and AZT. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method of stimulating hematopoiesis 
in a mammal comprising administration of a therapeutically efrVrrv^ n^^--- 

dissociate into dimers. 
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Mammalian hemoglobin is generally a tetramer composed of two 
alpha globin subunits (al, al) and two beta globin subunits (pi, p 2 ) • There is 
no sequence difference between ai and 0C2 or between Pi and P? . The 
subunits are noncovalently associated by Van der Waals forces, hydrogen 
5 bonds and, for deoxy Hb (hemoglobin that is not carrying oxygen), salt 
bridges. Tetrameric hemoglobin is known to dissociate into aiPi and (X2P2 
dimers which are eliminated from the bloodstream by renal filtration. This 
renal filtration of unmodified mammalian hemoglobin dimers can lead to 
renal failure arid death. Hemoglobin dimers can extravasate easily into the 

10 tissues and be lost from the circulatory system, thus a "non-dimerizing" 

hemoglobin may be preferred in this invention, and such dimeric hemoglobin 
may be used in cell culture. Intravascular retention of hemoglobin has been 
improved by for example, genetic fusion of the subunits of the tetramer as 
taught by Hoffman, SJ and Nagai, K. in U.S. Patent 5,028,588, Hoffman, et al, 

15 WO 90/13645, and Anderson, D. et al, U.S. Patent Application Serial Number 
789,179 filed November 8, 1991 or by chemical crosslinking of subunits within 
a single tetramer or between two or more tetramers (Bonhard, L. and Kothe, 
N., U.S. Patent 4,777,244; Bonhard, K. and Boysen, U v U.S. Patent 4,336,248; 
Bonsen, P., et al, U.S. Patents 4,001,401, 4,053,590, and 4,001,200; Bucci, E., et 

20 al, U.S. Patent 4384,130; Feller, W., et al, U.S. Patent 4,920,194; Feola, M. et al, 
PCT publication PCT/US90/ 07442; Garlick, R.L. et al, PCT publication 
PCT/US91/07155; Han, E. et al, EP publication EP 0361719; Iwasaki, K, et al; 
U.S. Patent 4,670,417 and EP Patent EP 0206448; Kluger, R. and Wodzinska, 
J., PCT publication PCT/CA92/00221 and U.S. Patent 5,250,665; Kothe, N. et 

25 al, U.S. Patent 3,525,272; Morris, K.C et al, U.S. Patent 4,061,736; 

4,S2o,S: 1; Tye, RAW, U.S. Patent 4,529,719; Waider, J.A. U.S. Patents 4,598,064 
and 4,600,531 and Dan, E., EP Patent EP 03617:9; amone others). In anv of 
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these forms, dissociation of hemoglobin into otipi and aifii dimers is 
prevented, thus increasing the intravascular retention of the protein and 
reducing renal toxicity and improving hemoglobin suitability for in vivo 
therapeutic use. 

Hemoglobin is readily available from a number of natural and 
recombinant sources. For example, slaughter houses produce very large 
quantities of hemoglobin-containing blood which is currently usually sold as 
an inexpensive fertilizer. Moreover, if particular species or breeds of animals 
produce a hemoglobin especially suitable for a particular use, those creatures 
may be specifically bred for this purpose in order to supply the needed blood. 
Transgenic animals may be produced that can express non-endogenous 
hemoglobin (Logan, J.S. et al, PCT publication PCT/US92/ 05000). Human 
blood can be retrieved from human blood banks that must discard human 
blood after a certain expiration date. 

Hemoglobins derived from natural and recombinant sources have 
been chemically modified to prevent dissociation by a variety of techniques. 
Any of these techniques may be used to prepare hemoglobin suitable for this 
invention. Examples of such modifications are found in Iwashita, Y., et al, 
U.S. Patent 4,412,989, Iwashita, Y. and Aiisaka, K v U.S. Patent 4,301,144, 
Iwashita, K, et al, U.S. Patent 4,670,417, Mcoiau, Y.-C, U.S. Patent 4,321,259, 
Nicolau, Y.-C. and Gersonde, K., U.S. Patent 4,473,563, Wong, J.T., U.S. Patent 
4,710,488, Wong, J.T.F., U.S. Patent 4,650,786, Bonhard, K., et al., U.S. Patent 
4,336,248, Walder, J. A., U.S. Patent 4,598,064, Walder, J.A., U.S. Patent 
4,600,531 and Ajisaka, K. and Iwashita, Y., U.S. Patent 4,377,512 among others. 
Generally, these chemical modifications of hemoglobin involve chemicaliv 

modifies the sterie transformations of the hemoglobin bv, for example, 
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modifies the oxygen binding characteristics at the same time. Modifications 
such as chemical polymerization of globin chains, glycosylation, and 
pegylation, and/or encapsulation in a liposome or cell membranes are also 
contemplated. 

In addition to extraction from animal sources, the genes encoding 
subunits of a desired naturally occurring or mutant hemoglobin (as herein 
defined) may be cloned, placed in a suitable expression vector and inserted 
into an organism, such as a microorganism, animal or plant, or into cultured 
animai or plant cells or tissues. These organisms may be produced using 
standard recombinant DNA techniques. Human alpha and beta globin genes 
have been cloned and sequenced by Liebhaber et al, Proc. Natl. Arad qn 
USA 77; 7053-7058 (1980) and Marotta et al, Toumal of Biological Chemistry. 
252; 5040-5053 (1977) respectively. Techniques for expression of both wild- 
type and mutant alpha and beta globins and their assembly into a 
hemoglobin are set forth in Hoffman, S.J. and Nagai, K, U.S. Patent 5,028,588 
and Hoffman, SJ. et al, PCT/US90/ 02654, Townes, T.M. and McCune, S.L., 
PCT/US91/09624, Logan, J.S. et al, PCT/US92/ 05000, and Rausch, C.W. and 
Feola, M., European Patent Application 87116556.9. Individual globin chains 
have been reassorted with modified forms of globin chains to synthesize a 
semi-synthetic hemoglobin as well (Luisi et al, Nature 320; 555-556 (1986) and 
Nagai et al, Nature 329; 858-860 (1987)). 

The hemoglobin produced by expression of recombinant DNA is most 
preferred as it lends itself to easy modification, is free of infectious agents and 
can be produced in unlimited supply. By applying the standard techniques of 
site specific mutagenesis to the globin gene(s), (Kruse et al, Biotechniques 6; 

sUDtract or change any amino acid or combination of amino acids in the 
resulting giobin chain. Ar.v of the herr.oelobins or fraemer.ts Thereof rr.?.v V 
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modified to alter the biological activity. For example, the modified 
hemoglobins or hemoglobin fragments may have altered oxygen affinity or 
serve as more potent hematopoietic growth factors (Hoffman and Nagai, U.S. 
Patent 5,028,588; Hoffman et al., U.S. Application Serial Number 07/789,179) . 

For the purpose of the appended claims, a // hemoglobin / ' means a 
hemoglobin or hemoglobin-like protein comprised of one or more tetramers. 
Each tetramer is composed of (a) two alpha globin-like and two beta globin- 
like polypeptides, (b) one di-alpha globin-like and two beta globin-like 
polypeptides, (c) two alpha globin-like and one di-beta globin-like 
polypeptides, (d) one di-alpha globin-like and one di-beta globin- like 
polypeptides, (e) one fused alpha /beta globin-like polypeptide and separate 
alpha and beta globin-like polypeptides, (f) two fused alpha/beta globin-like 
polypeptides (g) higher multiples of alpha globin-like and/ or beta globin-like 
globins, e.g. four alpha globin-like subunits. The prefix "di-" before alpha or 
beta globin means that the C terminus of one alpha (or beta) subunit is linked 
to the N terminus of a second alpha (or beta) subunit either directly or 
through a peptide linker of one or more amino acids; the term "peptide 
bonds 7 ' is intended to embrace both possibilities. The di-alpha globin-like 
polypeptide preferably is capable of folding together with beta globin and 
incorporating heme to form functional hemoglobin-like protein. The di-beta 
globin-like polypeptide is analogously defined. 

A globin subunit of one hemoglobin tetramer, whether of natural or 
recombinant origin, may be crosslinked or genetically fused to a globin subunit 
of another tetramer. A hemoglobin is said to be multimeric if it comprises more 
than four globin subunits or domains. The term "multimeric" thereby includes 



pending PCT application Anderson et al. PCT publication number 
PCT/'US92/09752 entitled Production and of Multimerir H--mrc>H~; 
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A "genetically fused hemoglobin" is a hemoglobin-like protein 
comprising at least one "genetically fused globin-like polypeptide", the latter 
comprising two or more globin-like domains which may be the same or 
different. 

It is also possible to provide an "alpha /beta globin-like pseudodimer" 
in which an alpha globin-like sequence is connected by peptide bonds to a 
beta globin-like sequence. This "alpha/beta globin-like polypeptide", and the 
di-alpha and di-beta globin-like polypeptides, may collectively be referred to 
as "pseudodimeric glubin-iike polypeptides" or as "diglobins". By extension, a 
hemoglobin-like protein comprising a di-alpha, a di- beta, or a alpha/beta 
globin-like polypeptide is a "pseudotetramer". 

A human alpha globin-like domain or polypeptide is native human 
alpha globin or a mutant thereof differing from the native sequence by one or 
more substitutions, deletions or insertions, while remaining substantially 
homologous (as hereafter defined) with human alpha globin, and still capable 
of forming a tetrameric unit. A beta globin-like domain or polypeptide is 
analogously defined. Subunits of animal hemoglobins or mutants thereof and 
minor components of human hemoglobin or mutants thereof which are 
sufficiently homologous with human alpha or beta globin are embraced by 
the term "human alpha or beta globin-like domain or polypeptide." The alpha 
and beta globin-like polypeptides may be referred to collectively as "globins". 
For the sake of convenience the term, "polypeptide" may refer to a unitary 
chain or to a domain of a longer polypeptide chain. Preferably, the globin- 
like domain or polypeptide has the ability to incorporate heme. 

In determining whether a polypeptide is substantially homologous to 

algorithms, which typically allow introduction or a small number of gaps in 
order to achieve the best fit. Preferably, the alpha trlobin-like polvpentides for 
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domains thereof) have at least about 75% sequence identity with wild-type 
human alpha globin. However, a polypeptide of lesser sequence identity may 
still be considered "substantially homologous" with alpha globin if it has a 
greater sequence identity than would be expected from chance and also has 
the characteristic higher structure of alpha globin and similar biological 
activity. By way of comparison, Artemia's heme-binding domains are 
considered homologous with myoglobin even though the primary sequence 
similarity is no more than 27%. Alignment of the heme-binding domains 
around conserved residues and the residues conserved in other hemoglobins 
(i.e., involved in heme contacts or in determining the relationship of the 
helical segments to each other) suggested that the Artemia domains possessed 
the classical globin helices A to H with their corresponding rums, as well as 
various conserved globin family residues. Moreover, among the serine 
protease inhibitors there are families of proteins recognized to be homologous 
in which there are pairs of members with as little as 30% sequence homology. 

Well over a hundred mutants of human hemoglobin are known, 
affecting both the alpha and beta chains, and the effect of many of these 
mutations on oxygen-binding and other characteristics of hemoglobin is 
known. The human alpha and beta globins themselves differ at 84 positions. 
Interspecies variations in globin sequence have been extensively studied. 
Dickerson, Hemoglobin Structure. F unction. Evolution and Pathology ch. 3 
(1983) reported that in 1982, the 60 known vertebrate alpha globins had 
identical residues at 23 of their 141 positions, while for the 66 vertebrate beta 
globins considered, 20 of the 146 amino acids are identical. The 60 vertebrate 
myoglobins, which also belong to the globin family, had 27 invariant amino 



.us:e: around the centers of activity of the molecule: the heme crevice and 
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consensus sequence for only a small fraction of the species considered. The 
number of total differences between human alpha globin and other 
homologous vertebrate alpha globins is as follows: rhesus monkey (4), cow 
(17), platypus (39), chicken (35), human zeta (embryonic) (61), carp (71), and 
5 shark (88). For invertebrate globins the divergences within the homologous 
family include: sea lamprey (113), mollusc (124), Glycera (marine 
bloodworm) (124) and Chironomus (midge) (131). The differences between 
human beta globin and other homologous vertebrate beta globins include: 
rhesus monkey (8), human delta globin (10), cow beta globin (25), cow 

10 gamma globin (33), human gamma globin (39), human epsilon (embryonic) 
globin (36), platypus (34), chicken (45), shark (96), sea lamprey (123), mollusc 
(127), Glvcera (125) and Chironomus (128). 

Many of these differences may be misleading - variable amino acids 
may exhibit only "conservative substitutions" of one amino acid for another, 

15 functionally equivalent one. A "conservative substitution" is a substitution 
which does not abolish the ability of a globin-like polypeptide (or domain) to 
incorporate heme and to associate with alpha and beta globin subunits to 
form a tetrameric (or pseudotetrameric) hemoglobin- like protein. The 
following resources may be used to identify conservative substitutions (and 

20 deletions or insertions): 

(a) data on hemoglobin mutants (over a hundred such mutants exist); 
fb) data on sequence variations among vertebrate, especiallv 
mammalian, 

alpha globins and beta globins; 

25 (c) data on sequence variations among vertebrate, especially 

mammalian, 

myoglobins; 



anc 
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other substantially homologous proteins coupled with 
molecular modeling software for predicting the effect of 
sequence changes on such structures; and 

(f) data on the frequencies of amino acid changes between members of 
families of homologous proteins (not limited to the globin 
family). See, e.g., Table 1-2 of Schulz and Schirmer, Principles 
of Protein Structure (Springer- Verlag: 1979) and Figure 3-9 of 
Creighton, Proteins Structure and Molecular Properties (W.H. 
Freeman: 1983). 

While the data from (a) - (d) are most useful in determining tolerable 
riiutaiioiis at the site of variation in the cognate proteins, it may also be 
helpful in identifying tolerable mutations at analogous sites elsewhere in the 
molecule. Based on the data in category (f), the following exchange groups 
may be identified, within which substitutions of amino acids are frequently 
conservative: 

I. small aliphatic, nonpolar or slightly polar residues - Ala, Ser, 
Thr (Pro, Gly) 

n. negatively charged residues and their amides - Asn Asp Glu 
Gin 

EH. positively charged residues - His Arg Lys 

IV. large aliphatic nonpolar residues -Met Leu fle Val (Cys) 

V. large aromatic residues - Phe Tyr Trp 

Three residues are parenthesized because of their special roles in 
protein architecture. Gly is the only residue without a side chain and 
therefore imparts flexibility to the chain. Pro has an unusual geometry which 
tightly constrains the chain. Cys can participate in disulfide bonds which 



potential, has some kinship with Ser, Thr, etc. Therefore, anv or the 
atorpmentioned hemoglobins obtained from ir.v of thr . n .f^rrm rrnf; or , o rI 

2 p 



WO 95/24213 



PCT/US95/02942 



sources are contemplated as suitable for the present invention once the 
hemoglobin is in purified form. 

Purification of hemoglobin can be accomplished using techniques 
which are well known in the art For example, hemoglobin can be isolated 
and purified from outdated human red blood cells by hemolysis of 
erythrocytes followed by cation exchange chromatography (Bonhard, K, et 
aL, U.S. Patent 4,439,357), anion exchange chromatography (Tayot, J.L. et al, 
EP Publication 0 132 178), affinity chromatography (Hsia, J.C., EP Patent 0 231 
236 Bl), filtering through microporous membranes (Rabiner, S.F. (1967) et al, 
J. Exp. Med. 126: 1127-1142), heating a deoxygenated solution of semi- 
purified hemoglobin to precipitate contaminants (Estep, T.N., PCT 
publication PCT/US89/014890, Estep, T.N., U.S. Patent 4,861,867), 
precipitating contaminants by the addition of polyvalent ions and 
polysulfates (Simmonds, RS and Owen, W.P., U.S. Patent 4,401,652) or 
precipitating the hemoglobin itself with zinc followed by resuspension (Tye, 
RW., U.S. Patent 4,473,494). Hemoglobin can also be purified from other 
sources, e.g. bovine blood, and treated by any of the methods above or by 
microporous filtration, ultrafiltration and finally ion exchange 
chromatography (Rausch, C.W. and Feola, M 7 EP 0 277 289 Bl) or by 
ultrafiltration alone (Kothe, X. and Eichentopf, B. U.S. Patent 4,562,715). 
Recombinant hemoglobins produced in transgenic animals have been 
purified by chroma tofocusing (Townes, T.M. and McCune, PCT publication 
PCT/US/09624); those produced in yeast have been purified by ion exchange 
chromatography (Hoffman, S J and Nagai, K. in U.S. Patent 5,028,588 and 
Hoffman, ei al, WO 90/13645). Particularly preferred methods of purifying 

to: Producing Such, Hemoglobins; WO 90/135645, filed November S, 1991, 
entitled Production in Bacteria and Yeast of Hemoglobin and Analogues 
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Thereof; and PCT/US94/ 13034, filed November 14, 1994, entitled Purification 
of Hemoglobin, and in Looker et al. (1994) Methods in Enzymology 231: 364 
-374. 

Although clearly hemoglobin has been purified from a number of 
5 different sources by a number of different techniques, it is only recently that 
pure hemoglobin solutions have become available that are also stabilized 
against dimer formation. Prior to the introduction of highly uniform micro 
and ultrafiltration membranes and high selectivity chromatography columns 
and crosslinking chemistries in the late 1960% all so-called purified or 

10 stroma-free hemoglobin was in fact contaminated with cellular components 
and was subject to the formation of dimer s (Winslow, W.M. (1992) 
Hemoglobin-based Red Cell Substitutes, The Johns Hopkins University 
Press, Baltimore, 242 pp). These contaminants in the hemoglobin and /or the 
dimerization of uncrosslinked or otherwise stabilized hemoglobin led to 

15 nausea, vomiting, myalgia, nephrotoxicity, complement activation, febrile 
responses, and bradycardia (Winslow, W.M (1992) Hemoglobin-based Red 
Cell Substitutes, The Johns Hopkins University Press, Baltimore, 242 pp). 
Even those chemically crosslinked hemoglobins that have been properly 
purified may still harbor viruses, retain small amounts of uncrosslinked 

20 hemoglobins, or contain small quantities of potentially toxic unreacted 
crossiinker. As a result, a preferred hemoglobin is recombinantly derived 
hemoglobin, more preferably hemoglobin produced in E. col; containing at 
least a mutation to stabilize against the formation of dimers, most preferablv 
hemoglobin produced in E. coli containing at least a mutation to stabilize 

25 against the formation of dimers and a mutation to alter oxygen affiritv 

of Hemoglobin and Analogues Thereof, and produced and purined usins the 
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November 14, 1994, entitled Purification of Hemoglobin or co-pending patent 
application WO 90/135645, filed November 8, 1991, entitled Production in 
Bacteria and Yeast of Hemoglobin and Analogues Thereof. 

Purified hemoglobin in any of the aforementioned forms, from any of 
5 the aforementioned sources and purified by any of the aforementioned 

methods, can be useful, either alone or in combination with other components 
to: 

(1 ) stimulate hematopoiesis; 

(2) treat mammals suffering from a cytopenia, such as anemia or 
10 thrombocytopenia; 

(3) treat mammals suffering from a cachexia, especially a cachexia 

associated with a cytopenia, such as cachexia associated 
with AIDS or AZT therapy for AIDS; 

(4) act as an active ingredient in a pharmaceutical composition to treat 
15 mammals suffering a cytopenia, particularly anemia or 

thrombocytopenia; 

(5) in combination with other hematopoietic factors, either alone or as 

part of a pharmaceutical composition, to treat mammals 
suffering from a cytopenia, particularly anemia or 
20 thrombocytopenia; 

(6) a,ct as an active ingredient in a pharmaceutical composition to treat 

mammals suffering from a cachexia associated with a 
cytopenia, such as cachexia associated with AIDS or AZT 
therapy for AIDS; 

25 (7) in combination with other hematopoietic factors, either alone or as 

part of a pharmaceutical composition, to treat mammals 
suffering from a cachexia associated with a cytopenia, 
such as cachexia associated with AIDS or AZT therapv 
for AIDS; 

30 (S) as a component, either alone or in combination with other 

hematopoietic factors, as an additive to cell culture media 
to enhance or stimulate ex vivo expansion of blood cells 
and progenitors. 



blood ceils, and cell culture stimulation. The compositions of the invention 
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formulations (e.g. tablets, capsules, caplets, injectable or orally 
administratable solutions) for use in treating mammals in need thereof. The 
formulations of the invention comprise a physiologically and /or 
pharmaceutically and/ or therapeutically effective amount of the hemoglobin 
5 of the present invention as the active ingredient alone or in combination with 
other active or inert agents. For example, a parenteral therapeutic 
composition may comprise a sterile isotonic saline solution containing 
between 0.1 percent and 90 percent weight to volume of hemoglobin. A 
preferred hemoglobin solution contains from 1 percent to 15 percent 

10 hemoglobin, most preferably about 7 to 10 percent hemoglobin weight to 
volume. In addition, the physiologically acceptable solution also includes 0 - 
200 mM of one or more physiological buffers, 0-200 mM of one or more non- 
reducing carbohydrates, O-200 mM of one or more alcohols or poly alcohols, 0 
-200 mM of one or more physiologically acceptable salts, and 0 - 1% of one or 

15 more surfactants, and is at about pH 6.6 - 7.9. More preferably, the 

physiologically acceptable solution contains 0-150 mM of one or more 
chloride salts, 0-50 mM of one or more non-reducing sugars and 0 - 0.5% 
surfactant, e.g. Tween™ [polysorbate 80]. Even more preferably, the 
physiologically acceptable solution contains 0-150 mM NaCl, 0-10 mM 

20 sodium phosphate, 0 - 50 mM sucrose, and 0 - 0.1% surfactant, e.g. Tween™ 
[polysorbate 80], pH 6.6- 7.8. Most preferably, the physiologically acceptable 
pharmaceutical composition includes 5 mM Xa phosphate, 150 mM NaCl, 
and 0.06% Tween™ 80, pH 6.8-7.2. Other components may be added if 
required, such as reducing agents, anti-oxidants, anti-bacterial agents, oncotic 

25 pressure agents (e.g. albumin or polyethylene glycols) and other 



example ferrous pyrophosphate), sodium borohydride, alpha tocopherol and 
ascorbate or salts therof. Most preferablv the rmvsioloeicallv acceptable 
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reducing agent is sodium ascorbate. An alternative suitable formulation is 5 
-7% hemoglobin in 150 mM NaCi, 5 mM sodium phosphate, pH 7.4. 

The therapeutically effective quantity of pharmaceutical provided to 
the individual is sufficient to provide a blood concentration of between .0001 
5 micromolar and 1 millimolar of hemoglobin. In contrast to Feola et ah, (1992) 
Surg. Gyn. Obstet. 174: 379-386, who injected over 1.7 gm of hemoglobin per 
kilogram body weight, the method of the present invention results in 
hematopoiesis at a low dose of hemoglobin, typically from 1 ng to 1 gram of 
hemoglobin per kilogram of patient body weight. Dosages can be from .001 - 
10 1000 mg hemoglobin /kg body weight, more preferably .01 mg - 100 mg 

hemoglobin/kg body weight, most preferably 1 mg to 10 mg hemoglobin/kg 
body weight. 

It will be appreciated that the unit content of active ingredients 
contained in an individual dose of each dosage form need not in itself 
15 constitute an effective amount since the necessary effective amount can be 
reached by administration of a plurality of capsules, tablets, injections, etc. or 
combinations thereof. 

Each formulation according to the present invention may additionally 
comprise inert constituents including pharmaceutically-acceptable carriers, 
20 diluents, fillers, salts, and other materials well-known in the art, the selection 
of which depends upon the dosage form utilized, the condition being treated, 
the particular purpose to be achieved according to the determination of the 
ordinarily skilled artisan in the field and the properties of such additives. 
The pharmaceutical compositions of the invention may be 
25 administered to an individual by any conventional means such as orallv, bv 



mtravenouslv or iniraarterial. 

3 1 
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Administration of hemoglobin can occur for a period of minutes to 
weeks; however the usual time course is over the course of several weeks to 
gain maximum hematopoietic effect and ameliorate the course of a cytopenia. 
Typical administration regimes can be from one to ten weeks, more 
preferably four to nine weeks, most preferably six to eight weeks. 

Dosages of hemoglobin can be administered at a frequency of 1 to 7 
times per week, more preferably 2 to 5 times per week, most preferably 3 
times per week. 

The method of the present invention is useful for the treatment of 



cytopenia in a mammal. Cytopenias are conditions wherein any of the 
circulating blood cells are reduced. Each of the cytopenias is characterized by 
various reductions in levels of circulating blood cells and can be broadly defined. 
For example, the term "anemia" refers to a condition in which the blood is 
deficient in red blood cells, in hemoglobin or in total volume. Anemia is usually 
15 determined by comparing either hemoglobin (grams/ deciliter), hematocrit 

(percentage of blood volume occupied by red blood cells) or red blood cell count 
(number of red blood cells x 10 6 / microliter) with "normal" values. These normal 
values are arbitrarily set as the mean ± 2 standard deviations of values in a 
healthy population (Table 1). 

20 

TABLE 1 : Normal Ranges of Blood Parameters in Adults (*) 

Hemoglobin (gm/dl) 12.0-17.7 
Hematocrit (%) 36-52 
Red Blood Cells (x 106/ul) 4.0-6.0 
25 Mean Cell Volume (fl) 80-100 



5 . 
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However, these normal ranges must be adjusted for persons living at altitude 
as well as for differences in race and gender. Anemia may be masked by 
dehydration, where reduced plasma volume yields apparently normal 
hemoglobin concentrations, and likewise anemia can be mimicked by 
increased plasma volume, as in pregnancy. Thus the diagnosis of anemia can 
be made using published values as a guideline, but must be determined by a 
clinician skilled in the art. The other cytopenias, such as neutropenia and 
thrombocytopenia are likewise difficult to define. For example, neutropenia 
is generally considered to occur when the circulating neutrophil count falls 
below 2.0 x 10 9 per liter, however, this normal range is reduced in several 
population groups. Thrombocytopenia is defined as platelet counts < 100,000 
per microliter. Again, this number is a guideline for the diagnosis of 
thrombocytopenia, but the final diagnosis must be made by a clinician skilled 
in the art. 

The cytopenias can occur as the result of a suite of underlying 
conditions. For example, many AIDS patients develop anemia as the result of 
the course of the disease itself, or of the therapeutic interventions required to 
manage the disease. Chronic AZT administration to AIDS patients acts as an 
anti-metabolite and disrupts normal hematopoiesis. The present invention is 
particularly useful in reversing the cytopenias induced by AZT therapy, and 
moreover ameliorating the accompanying cachexia caused by either the AZT 
therapy, the AIDS disease, or other diseases that result in wasting. 

In chronic renal failure there is inadequate production of 
erythropoietin resulting in only marginal erythropoiesis and symptomatic 
chronic anemia. Regular administration of recombinant hematopoietic 



However,, continued erythropoietin therapy m this disease state frequently 
results in iron deficiency that car. lirr.: 1 - tho :o-.- >o — 
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treatment modality. Administration of oral or intravenous iron therapy can 
replenish these iron stores, but some anemic chronic renal failure patients on 
dialysis either cannot absorb oral iron or will not take it due to side effects. 
The administration of intravenous iron dextran may be attempted in these 
particularly refractive cases, but such administration may lead to 
anaphylactic shock 

Other diseases that may lead to cytopenias include but are not limited 
to liver disease, endocrine disorders such as hypothyroidism, 
myelodyspiastic syndrome, sideroblastic anemias, sickle cell anemias, 
thalassemias, certain drug, environmental or industrial toxicities, 
autoimmune disorders such as rheumatoid arthritis, cancers, chemotherapy 
and radiotherapy and the like. Any of these cytopenias will be alleviated by 
low dose administration of the hemoglobin of the present invention. 

Additionally, the present invention is useful to enhance ex vivo 
expansion of blood components when a purified hemoglobin solution is 
added to a culture medium. The addition of hemoglobin to a cell culture may 
be as part of the pharmaceutical compositions described above or as part of a 
different buffered solution. Ex vivo expansion of blood components, 
particularly those in the erythroid cell line, can be accomplished by first 
harvesting progenitor cells from bone marrow, the circulation, the spleen or 
fetal liver, growing up the cells in appropriate media and inducing 
differentiation and growth with suitable growth factors (Tsukamoto, A., et al. 
U.S. Patent 5,061,620; Palsson, B.O., et il f PCT publication PCT/US93/01803; 
Emerson, S.G. et al, PCT publication PCT/US91/ 09173; Boyse, E.A., et al, 
PCT publication PCT/US88/04044; Shin, C-C, PCT publication 



a patien:, ror example, after a bone marrow transplant, or the hematopoietic 
cells can be genetically adjusted to repair a eor.etic error *\\cY ^ 'hV v^r : - 
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or sickle cell anemia and subsequently re-infused into a patient. Because 
growth factors work in a synergistic fashion, the addition of hemoglobin to 
the suite of possible growth factors will allow greater cell growth and 
differentiation of more lines that had been previously possible. 

The present invention is also useful for potentiating chemotherapeutic 
or radiotherapeutic treatment modalities. Growth factors have been used to 
induce leukemic progenitor cells into cycle and render them more susceptible 
to chemotherapeutic agents or radiotherapy (Mertelsmann, R. H. (1993) in 
Application of Bask Science to Hematopoiesis and the Treatment of Disease, E. D. 
Thomas and S.K Carter (ed)). The treatment of a cancer patient with 
hemoglobin either prior to, concurrently with or immediately subsequent to 
chemotherapeutic or radiotherapeutic intervention will increase the lethality 
of the cytotoxic agent, whether the cytotoxic agent is in the form of 
chemotherapy or radiotherapy. 

Moreover, the present invention is useful for enhancement of growth 
of progenitor cells in culture, by addition of hemoglobin, either alone or in 
combination with other growth factors, to the culture medium . These 
progenitor cells grown by this method can then be used in diagnostics, in the 
production of further growth factors, and for the development of model 
systems useful for understanding in vivo hematopoiesis. The growth of 
progenitor cells is well known in the art and can be achieved as described in 
Tsukamoto, A., et al U.S. Patent 5,061,620; Palsson, B.O., et al, PCT 
publication PCT/US93/01803; Emerson, S.G. et al, PCT publication 
PCT/US91/09173; Boyse, E.A., et al, PCT publication PCT/US88/04044; Shih, 
C-C, PCT publication PCT/US93/01852; Sardonini, C et al, PCT 
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The present invention also contemplates the use of additional 
hematopoietic factors, which when administered in combination with 
purified hemoglobin, stimulate hematopoiesis to a degree greater than either 
therapeutic compound alone. Examples of such additional hematopoietic 
factors include but are not limited to Granulocyte-Macrophage Colony 
Stimulating Factor (GM-CSF), Macrophage Colony-Stimulating Factor (M- 
CSF), Granulocyte Colony-Stimulating Factor (G-CSF), Stem Cell Factor 
(SCF), Erythropoietin (EPO) and Interleukins 1 - 13 (IL1 to IL13) [Souza, L.M., 
U.S. Patent 4,810,643; Clark, S.C. and Wong, G.G., U.S. Patent 4,868,119; 
Blasdale, J.H.G, European Patent EP 355093; Quesenberry, P.J in Hematology, 
W.J. Williams, E. Beutler, A. J. Erslev and M. A. Lichtman (eds) 1990, 
McGraw-Hill, Inc. New York, pp 129-147; Lin, U.S. Patent 4,703,008; Zsebo, 
KM. et al f PCT/US90/ 05548; Nicola, N.A. (1993) in Application of Basic Science 
to Hematopoiesis and the Treatment of Disease, E. D. Thomas and S.K Carter (ed), 
Raven Press, NY; Deeley M., et al„ U.S. Patent 5,023,676). 

Administration of purified hemoglobin in combination with other 
additional hematopoietic factors can be together in the same dosage 
formulation or can be divided and administered individually to achieve 
maximum therapeutic effect. The optimal dosage regime can be determined 
by clinicians of ordinary skill in the art 

The foregoing description of the specific embodiments reveal the 
general nature of the invention so that others can, by applying current 
knowledge, readily modify and/or adapt for various applications such 
specific embodiments without departing from the generic concept, and, 
therefore, such adaptations and modifications should and are intended to be 



employed herein ;s tor ±e purpose or description and not of limitation. 
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EXAMPLES 

The following examples are provided by way of describing specific 
embodiments of the present invention without intending to limit the scope of 
the invention in any way. 

Example 1 

Enhancement of Growth of Burst Forming Units - Erythroid (BFU-E) 
Collected from Normal (BDF1) Mice by Treatment with Purified 
Recombinant Hemoglobin 

Hemoglobin was prepared and formulated as described in co-pending 
patent application Serial Number, 08/097273, filed July 23, 1993, entitied 
Nickel Free Hemoglobin and Methods for Producing Such Hemoglobins. 
Bone marrow was collected from normal BDF1 mice (8-12 weeks old, Charles 
River, Wilmington, DE). The bone marrow culture techniques used in these 
studies have been previously described (Abraham, N. et al, (1989) Blood 74: 
139-144) and are well known in the art. Briefly, bone marrow erythroid 
colonies (burst forming unit-erythrocyte - BFU-E) were grown in 1.12 % 
methylcellulose containing 0.4 U/ml erythropoietin for 5 days. Three 
concentrations of purified recombinant hemoglobin (1 uM, 10 mM and 0.1 
nM) were added to different cultures treated with 0.01, 0.1, 1 and 10 uM of 
AZT. All cultures were run in triplicates and generally 9-12 determinations 
were made for each point. BFU-E growth was scored at 3 days. 

As seen in Figure 1, AZT inhibits BFU-E colony formation in a dose 
dependent manner in normal BDF1 mice. Hemoglobin at a concentration of 
1 uM was able to reverse these effects at concentrations of AZT of less than 1 

measurable in this assay arid were thus not reported. 
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Example 2 

Enhancement of BFU-E Growth with Purified Recombinant Hemoglobin 

SCID Mouse Bone Marrow 

5 Bone marrow mononuclear BFU-E 1 s were collected from SCID mice 

(Severely Combined Immunodeficient Disorder mice, 8 - 12 weeks old, 

Taconic Farms, Gennantown, NY), and grown as described above in ExampL 

1. rHbl.l at a concentration of 1 uM was able to reverse the effect of 0.1 uM 

AZT (Figure 2). 

10 

Example 3 

Enhancement of BFU-E Growth with Purified Recombinant Hemoglobin 
15 Human Bone Marrow Culture 

The experiment described in Example 1 was performed exactly as 
described in the example 1, except for the utilization of normal human bone 
marrow collected from normal volunteers. As in the experiment described in 
20 Example 1, luMof recombinant purified hemoglobin added to the culture 
system was able to reverse AZT toxicity at concentrations of AZT less than 1 
uM. The results of this in vitro experiment are shown in Figure 3. 

Example 4 

25 

Enhancement of BFU-E Erythiopoiesis in vivo - Normal (BDF-1) Mouse 

BFU-E cells in the bone marrow are early precursors of red blood cells. 

" : ' e:I — <uimm:strauon o: AZT [2.5 mg ml m tneir drinking water tor 3 
weeks. Normal controls, (noma; BDF1 mice S-12 weeks old, Charles River, 
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Wilmington, DE) were held for the same period of time, with no AZT added 
to the drinking water. Treatment with either recombinant human 
erythropoietin (EPO, Toyoba, Osaka Japan) or recombinant hemoglobin or a 
combination of these two treatments was initiated after 5 weeks of AZT 
5 exposure. Mice were continued on AZT during the three week dosing 

schedule of therapeutics. Body weight and blood indices were determined by 
routine methods. Groups of mice consisting of 4 to 12 mice per group were 
used. These groups were: 
(1) normal controls, 
10 (2) AZT- treated animals 

(3) AZT/EPO(10U/mouse) 

(4) AZT/EPO/0.5 mg recombinant purified hemoglobin/kg of body 

weight 

(5) AZT/EPO/1.0 mg recombinant purified hemoglobin/kg of body 
15 weight 

(6) AZT/ 0.5 mg recombinant purified hemoglobin/kg of body weight 

(7) AZT/ 1.0 mg recombinant purified hemoglobin/kg of body weight 

If the mouse received erythropoietin, ten units of recombinant human 
10 erythropoietin (Toyobo, Osaka, Japan) [equivalent to - 500 U/kg, a normal 
dose of erythropoietin used for the treatment of AZT-induced anemia in 
humans] was administered subcutaneously 3 times per week. Mice also 
received hemoglobin intravenously at a dose of either 0.5 or 1.0 mg/kg three 
times per week. Recombinant hemoglobin solution was prepared in 
!5 phosphate buffered saline, pH 7.4. 



resulted in increased BfrJ-F.'s (Figure 4). As seen in Fig-ore 4, recombinant 
hemoglobin significantly increased the number of BFU-E in AZT rr<>?ir*rf 
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normal BDF1 mice. Stimulation of this cell type was not seen with EPO in 
these models, a finding which is consistent with previous studies showing a 
minimal effect of EPO on the earlier red cell progenitors following AZT 
treatment (Abraham, N. (1989) Blood 74: 139-144). 



Example 5 

Increase of Hematocrit in vivo with Treatment with Purified Recombinant 
in Hemoglobin - Normal (3DF~1.) Mouse 



Hematocrit the ratio of the volume of packed red blood cells to the 
volume of whole blood, was measured in the mice treated as described in 
Example 4. Hemoglobin produced a more substantial reversal of hematocrit 

15 suppression than EPO alone administered at lOU/mouse and appeared to act 
independently of exogenously administered EPO when the two agents were 
added together. As seen if Figure 5, this enhancement of erythropoiesis was 
manifested as an increased hematocrit. 

In a mouse with AZT induced anemia, the hematocrit falls to 

20 approximately 20%; if we assume that there are 5 mmol Hb/L of RBC or 0.005 
mmol Hb/ml of RBC, and a mouse has a total blood volume of 3 ml, then 
approximately 20% (0.6 mis) of that blood volume is red blood cells. This 0.6 
mis of RBC contains 0.003 mmols of Hb or 0.012 mmols of Fe. If we 
administer a total of 9 ug of Hb/gm of body weight and assume that a mouse 

25 weighs 200 gm, then the mouse has received a total of 0.028 umoles of Hb or 
0.1125 umoles of Fe. However, this administration of Hb has resulted in an 



total d'.oc-c vo/ume, :ro:r, u.o mis to 1.2 ~^s;, :ocu:::r.g the svnthesis o: 3 
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umols of Hb which in turn required 120 umoles of Fe. Therefore the 
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hemoglobin acted not simply as an iron source but actually as an 
erythropoietic factor. 

Example 6 

Increase of Cell Count in vivo with Treatment with Purified Recombinant 
Hemoglobin - Normal (BDF-1) Mice 



Both white blood cell and red blood cell counts were measured in the 
10 mice treated as described in Example 4. Hemoglobin produced a more 

substantial reversal of blood count suppression than EPO alone administered 
at 10U/ mouse and appeared to act independently of exogenously 
administered EPO when the two agents were added together. As seen if 
Figure 6, this enhancement of hematopoiesis was manifested as an increased 
15 counts of both cell types, indicating a broad hematopoietic effect of low 
dosage hemoglobin administration. 

Example 7 

20 Enhancement of BFU-E Erythropoiesis in vivo - SCID Mice 

BFU-E cells in the bone marrow are early precursors of red blood cells. 
The effect of rHbl.l on BFU-E cells was evaluated by measuring BFU-E in the 
bone marrow of mice after suitable treatment. SCID mice were made anemic 
25 by administration of AZT (2.5 mg/ml) in their drinking water for 5 weeks. 
SCID mice have been used previously as models for the immunodeficiencv 
seen in humans infected with HIV-1, the infectious agent in AIDS 



Treatment with either recombinant human erythropoietin (EPO, Tovoba, 
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Osaka Japan) or recombinant hemoglobin or a combination of these two 
treatments was initiated after 5 weeks of AZT exposure. Mice were continued 
on AZT during the three week dosing schedule of therapeutics. Body weight 
and blood indices were determined by routine methods. Groups of mice 
5 consisting 4 to 12 mice per group were used. These groups were: 

(1) normal controls, 

(2) AZT-treated animals 

(3) AZT/EPO (10 U/mouse) 

(4) AZT/EPO/ 0.5 mg recombinant purified hemoglobin/kg of body weight 
10 (5) AZT/EPO/1.0 mg recombinant purified hemoglobin/kg of body weight 

(6) AZT/0.5 mg recombinant purified hemoglobin/kg of body weight 

(7) AZT/1.0 mg recombinant purified hemoglobin/kg of body weight 

If the mouse received erythropoietin, ten units of recombinant human 
15 erythropoietin (Toyobo, Osaka, Japan) [equivalent to ~ 500 U/kg, a normal 
dose of erythropoietin used for the treatment of AZT-induced anemia in 
humans] was administered subcutaneously 3 times per week. Mice also 
received hemoglobin intravenously at a dose of either 0.5 or 1.0 mg/kg three 
times per week. Recombinant hemoglobin solution was prepared in 
20 phosphate buffered saline, pH 7.4. 

After the five week period, the AZT-treated mice showed marked anemia, 
thrombocytopenia and leukopenia. Hemoglobin administered in dosages of 0.5 
or 1 mg/kg body weight resulted in increased BFU-E's (Figure 7) in SCID mice. 

25 Example 8 

30 mice treated as described in Example 7. Hemoglobin produced a more 
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substantial reversal of blood count suppression than EPO alone administered 
at 10U/ mouse and appeared to act independently of exogenously 
administered EPO when the two agents were added together. As seen if 
Figure 8, this enhancement of hematopoiesis was manifested as an increased 
5 counts of both cell types, indicating a broad hematopoietic effect of low 
dosage hemoglobin administration. 

Example 9 

10 Influence of Hemoglobin on AZT-induced Body Weight Loss (Cachexia) - 

Normal Mice 

In addition to hematopoietic suppression, another manifestation of 
AZT toxicity is weight loss (cachexia), an observation that is often manifested 
in AIDS patients. Cachexia is considered a reliable prognostic indicator for 
15 clinical outcome in AIDS (Huang et al, (1998) Clin. Chem., 34: 1957 - 1959). 
Body weight was measured for the mice treated as described in Example 4. 
As - ~en in Figure 9, AZT induced a significant suppression in body weight in 
BDF-1 mice whereas hemoglobin alone was able to alleviate this 
manifestation of AZT toxicity. 

20 

Example 10 

Influence of Hemoglobin on AZT-induced Body Weight Loss (Cachexia) - 

SCID Mice 

25 In addition to hematopoietic suppression, another manifestation of 

AZT toxicity is weight loss (cachexia), a observation that is often manifested 
in AIDS patients. Cachexia is considered a reliable prognostic indicator for 
clinical outcome in AIDS (Huang et al., (1998) Clin. Chem., 34: 1957 - 1959). 
Body weight was measured for the mice treated as described in Example 7 



manifestation of .AZT toxicity 
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Example 11 

Spleen Colony-Forming Unit (CFU-S) Determination 

To evaluate whether hemoglobin was acting at a level other than the 
committed eiythroid precursor (CFU-E, BFU-E) we evaluated the influence of 
5 hemoglobin on a very early, uncommitted progenitor cells, the Colony 
Forming Unit-Spleen (CFU-S). These cells have been shown to essentially 
give rise to erythroid, myeloid and lymphoid lineages and repopulate 
impaired bone marrow of lethally irradiated animals (van Zant, et. al., (1984) 
J. Exp. Med. 159: 679-685; Reincke, U., et al. (1985) Exp. Hematol. 13: 545- 

10 553). Repopulation of impaired bone marrow is indicative of the presence of 
multipotential stem cells that are represented by CFU-S. Spleen colonies 
were counted on day 8 following i.v. injection of 8.5 Gy-irradiated mice with 
2xl(P bone marrow cells from normal or AZT treated mice that had been 
further treated with either EPO, hemoglobin or combinations thereof, as 

15 described in Example 4. As seen in Figure 11, hemoglobin at 5 and 10 mg/kg 
significantly increased the number of CFU-S that formed in mice that had 
been lethally irradiated and subsequently infused with bone marrow from the 
mice that received purified, recombinant hemoglobin in addition to AZT. 
The lower dose level, 0.5 mg of hemoglobin /kg of body weight appeared to 

20 work better than the higher dose of hemoglobin, suggesting a maximum 

effect at unexpectedly low doses. Without being bound by theorv, the ability 
of hemoglobin to stimulate repopulation of the entire blood circulation 
indicates that low level hemoglobin administration works either directly on 
progenitor cells or indirectly to enhance hematopoiesis. 

Example 12 

Human bone marrow cells were collected by aspiration from the 
posterior iliar cre^t ( y : heV.tr v humr vV':^-.-^-- \ f ^- -v. i- -,.'*.. *\ ~ -~ 
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were isolated by gradient centrifugation of heparinized bone marrow samples 
on Ficoll-Histopaque. The isolated MNCs were washed in Hanks' balanced 
salt solution supplemented with 10% Fetal Bovine Serum (FBS) [both Hanks' 
salt solution and FBS were purchased from Gibco/BRL (Grand Island, New 
5 York)]. 

Approximately 4.0 x 10 7 MNCs were incubated in a T-25 flask for at 
least 2 h in minimum medium (McCoy's 5A medium and nutrients, 
Gibco/BRL) at 37°C with 5% CO2 to adhere the monocytes and macrophages. 
For enrichment of hematopoietic progenitor (CD34+) cells, mononuclear 

10 nonadherent cells were pelleted and resuspended in 1 ml of cold phosphate- 
buffered saline (PBS) with 2% FBS and 0.1% sodium azide, and subsequently, 
200 |xl of anti-CD34 monoclonal antibody was added. After incubation for 1 h 
on ice in the dark, the cells were washed twice with cold PBS to eliminate 
excess antibodies and were resuspended in 3 ml of McCoy's 5A medium plus 

15 nutrients containing 5 ng of propidium iodide per ml. CD34+ cells were then 
positively selected by cell sorting with a FACStar instrument (Becton- 
Dickinson, Mountain View, California). The purity of the CD34+ ceils was 
more than 99%, with a viability of more than 96%, as measured by trypan 
blue staining. 

20 Cells were cultured in supplemented McCoy's 5A medium enriched 

with 15% FBS and a-mercaptoethanol (0.1 mM). Purified CD34^ cells C.7 x 
10 4 to 2.0 x 10 4 cells per ml) were cultured in the presence of human 
recombinant erythropoietin (2 U/ml), stem cell factor (SCF) (7 ng/ml), and 
human recombinant IL-3 (100 U/ml) and either 0.1 or 1 uM AZT in 24-well 

25 tissue culture dishes. After 7 days of incubation, these cells were washed and 

uM .AZT. After a further 14 days of incubation, viable cells from individual 
wells were counted and phenotvoed. All experiments were performed in 
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triplicate. The viability of the cells cultured for 14 days was greater than 95%, 

as measured by trypan blue staining. 

Primary isolated nonadherent MNCs and cultured cells following the 

14 days of incubation were analyzed by flow cytometry. IgGl -fluorescein 
5 isothiocyanate (FTTC) and IgG2b-phycoerythrin were used as negative 

controls to ensure accurate analysis. Cells (10 5 ) were incubated in 50 ml of 

cold PBS with 2% FBS and 0.1% sodium azide at 4°C in the dark with 5 |xl of 

glycophorin A-FITC (an erythrocyte marker). After 60 min of incubation, the 

cells were washed twice with PBS. The cells were then resuspended in PBS 
10 containing 1 % paraformaldehyde and were analyzed with a FACStar 

instrument (Becton-Dickinson) by using the lysis program for analysis of 

double fluorescence. 

As seen in Figure 12, AZT inhibited human erythroid growth, in liquid 

suspension cultures in a dose dependent fashion. Hemoglobin at 1 uM was 
15 able to ameliorate these effects. 
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CLAIMS 

1. A method for stimulating hematopoiesis in a mammal comprising 
administering to the mammal a hematopoietic effective amount of 

5 hemoglobin. 

2. A method for treating cytopenia in a mammal comprising 
administration to a mammal of a cytopenia alleviating effective amount of 

10 

3. A method for treating anemia-like symptoms in a mammal comprising 
administration to a mammal of an anemia-like alleviating effective amount of 
hemoglobin. 

15 4. A method according to claim 3 wherein the anemia-like symptoms are 
the result of AZT induced anemia. 

5. A method for potentiating chemotherapeutic or radiotherapeutic 
treatment modalities in a mammal comprising administration to a mammal of 

20 a cell growth effective amount of hemoglobin. 

6. A method for treating cachexia in a mammal comprising 
administration to a mammal of a cachexia alleviating effective amount of 
hemoglobin. 
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8. A method of enhancing growth and /or development of mammalian 
erythroid progenitor cells comprising administration of an mammalian 
erythroid progenitor stimulatory effective amount of hemoglobin. 

5 9. A method for increasing ex vivo expansion of progenitor stem cells 
comprising administration to a culture of a stem cell population a stem cell 
stimulatory effective amount of hemoglobin. 

1 0. A method according to any one of claims 1 to 9 wherein the 
10 hemoglobin is non-dimerizing hemoglobin. 

11. A method according to any one of claims 1 to 9 wherein the 
hemoglobin is a mutant hemoglobin. 

15 12. A method according to any one of claims 1 to 9 wherein the hemoglobin 
is a recombinantly produced hemoglobin. 

13. A method according to any one of claims 1 to 9 wherein the 
hemoglobin is a recombinantly produced mutant hemoglobin. 

20 

14. A method according to any one of claims 1 to 9 wherein the 
hemoglobin is selected from the group consisting of di-alpha hemoglobin, di- 
beta hemoglobin, octameric hemoglobin and multimeric hemoglobin. 

25 15. A method according to any one of claims 1 to 8 or 10 to 14 wherein the 
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16. A method according to claim 15 wherein the effective amount of 
hemoglobin is from about 0.01 mg to 1000 mg/kg body weight. 

17. A method according to any one of claims 1 to 16 further comprising 
5 coadministration of one or more hematopoietic growth factor. 

18. A method according to claim 17 wherein said hematopoietic growth factor 
selected from the group consisting of GM-CSF, M-CSF, G-CSF, SCF, EPO, IL-1, 
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, and PDGF. 

10 

19. A pharmaceutical composition comprising: 

about 0.1 % to about 90% by weight to volume of hemoglobin, 
0-200 mM of one or more physiological buffers, 
0-200 mM of one or more alcohols or polyalcohols, 
15 0-200 mM of one or more physiologically acceptable salts, 

0-1% of one or more surfactants, 
0-5 mM of one or more reducing agents, 



20 



and 

pH of about 6.6 - 7.9. 



20. A pharmaceutical composition according to claim 19 wherein the 
pharmaceutical composition is: 

about 1% to about 15% by weight to volume of hemoglobin, 
0-150 mM of one or more physiologically acceptable salts, 
25 wherein the physiologically acceptable salts are 

chloride salts, 
0-0.5% of one or more surfactants, 
0-5 mM of one or morp **prh;H^c> 
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21. A pharmaceutical composition according to claim 22 wherein the 
pharmaceutical composition is: 

about 0.17c to about 90% by weight to volume of 
hemoglobin, 
5 ISOmMNaCl, 

5 mM sodium phosphate, and 
pH of about 7.4. 

A cell cuiture additive comprising: 

about 0.1% to about 90% by weight to volume of 

hemoglobin, 
0-200 mM of one or more physiological buffers, 
0-200 mM of one or more alcohols or polyalcohols, 
0-200 mM of one or more physiologically acceptable salts, 
0-1 % of one or more surfactants, 
0-5 mM of one or more reducing agents, 

and 

pH of about 6.6 - 7.9. 

23. A cell culture additive according to claim 22 comprising: 

about 0.1% to about 90% by weight to volume of 

hemoglobin, 
150 mM \ T aCl, 

5 mM sodium phosphate, and 
pH of about 7.4. 

hematopoiesis. 



10 
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25. Use of hemoglobin for the manufacture of a medicament for the treatment 
of cytopenia. 

26. Use of hemoglobin for the manufacture of a medicament for the treatment 
5 of cachexia. 

27. Use of hemoglobin for the manufacture of a medicament for the treatment 
of anemia. 

10 28. Use of hemoglobin for the manufacture of a medicament for the treatment 
of anemia-like symptoms resulting form AZT treatment of a patient 
diagnosed with HIV. 

29. Use of hemoglobin for the manufacture of a medicament for the treatment 
15 potentiating chemotherapy or radiotherapy by enhancing cell growth. 



5 1 
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FIGURE 1 
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FIGURE 4 
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FIGURE 6 

30 t 




WO 95/24213 



PCTYUS95/02942 




WO 95/24213 



PCT7US95/02942 



FIGURE 8 

12 i 




+ 
< 



8/12 



WO 95/24213 



PCT/US95/02942 



FIGURE 9 
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